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(57) ABSTRACT 
A variable-length binary string is utilized to encode node 
identi?ers in a tree for an XML document object model. A 
general pre?x encoding scheme is followed; a node identi 
?er is generated by the concatenation of encodings at each 
level of a tree along a path from a root node to another 
particular node. Arbitrary insertions are supported Without 
change to existing node identi?er encodings. In addition, the 
method provides for document order When unsigned binary 
string comparison is used to compare encoded node identi 
?ers. In support of sub-document concurrency control, pre 
?x encoding provides a Way to derive ancestor-descendant 
relationships among nodes in a tree. Lastly, the encoding 
method provides a natural pre-order clustering sequence, 
also knoWn as depth-?rst clustering. If a pre?x is applied to 
an encoding With a level number, starting With Zero at the 
root, Width-?rst clustering Will result. A mixed clustering 
can also be supported. 
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SELF-ADAPTIVE PREFIX ENCODING FOR 
STABLE NODE IDENTIFIERS 

BACKGROUND OF INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates generally to the ?eld 
of XML node identi?ers. More speci?cally, the present 
invention is related to self-adaptive pre?x encoding of stable 
node identi?ers. 

[0003] 2. Discussion of Prior Art 

[0004] In XML databases With an object storage model, 
such as XPath 2.0 and XQuery 1.0 data model or DOM 
(Document Object Model), node identi?ers are fundamental 
to operations including maintaining document order, search 
ing, updating, and concurrency control. Node identi?ers are 
assigned When an XML document is converted into an 
object model and stored into a database, or When neW nodes 
are inserted in a logical XML tree. Existing solutions for 
encoding node identi?ers can be classi?ed as physical or 
logical solutions. 

[0005] In a storage system that organiZes storage space 
using pages and records, a physical node identi?er is typi 
cally either a record identi?er (RID) or an extension of an 
RID, depending on Whether a node is a record or a structure 
Within a record. An RID is a page number folloWed by the 
index of a record Within that page. The entry With that 
particular index Within an array indicates the offset of a 
record Within a page. If a node is a structure Within a record, 
then a node identi?er usually consists of an RID and another 
index to locate the node Within the record. An RID can be 
used to locate a record; to locate a node inside a record, it 
is necessary to have an RID With either an offset Within a 
record or a slot index if the record has a layout similar to a 
structured document page. If such objects are stored in 
memory, physical IDs are usually memory addresses. 

[0006] RIDs are treated as physical storage addresses for 
records. One advantage of using RIDs as a node identi?er is 
the ability to quickly position a node in physical storage. 
HoWever, RIDs cannot provide for document order of nodes. 
Because there is no parent-child relationship information 
Within a physical node id, it alone is unsuitable for direct use 
in sub-document concurrency control, Which typically 
requires the use of ancestor-descendant relationship infor 
mation. A separate structure keeping track of parent-child 
relationships is necessary to provide for concurrency con 
trol. Another disadvantage is that physical node ids are used 
as reference pointers in parent-child relationships, making 
re-organiZation across pages of XML objects dif?cult. This 
is because moving a node across a page requires a neW RID, 
and all references to the moved node Would need to be 
updated to accommodate the neW RID. OtherWise, a forWard 
record, Which is a record that contains an address rather than 
an actual record, Would be needed. Because a forWard record 
contains an address of an actual record that is physically 
removed from the current record, it is more costly to access 
in terms of input and output (I/O) operations. 

[0007] An interval encoded node identi?er, Which is an 
example of a logical node identi?er, uses a pair of integers 
specifying starting and ending positions and optionally, a 
level number (startposzendpos, levelno). The start and end 
position of a node are either the logical offset of the start and 
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end of a node’s position in the text of an XML document or 
sequence numbers corresponding to node entry and exit in a 
pre-order traversal of the XML object tree. For tWo nodes, 
n1 and n2, With node ids (slzel, I1) and (s2ze2, I2), respec 
tively, if the start position of the ?rst node is less than the 
start position of the second node and the end position of the 
?rst node is greater than the end position of the second node, 
then the ?rst node is an ancestor of the second node. In 
addition, if the level number of the ?rst node is increased by 
one to result in the second level number, then the ?rst node 
is a parent of the second node. 

[0008] This type of logical encoding of node ids is com 
monly used in relational representations of an XML object 
model Without requiring a relationship betWeen an interval 
encoding representation and a physical storage address. In 
addition, such an encoding method is better suited for 
read-only documents. In order to deal With insertion and 
update operations, some sequence number spaces are typi 
cally left betWeen consecutive nodes identi?ers for inser 
tions. This method produces a need to modify existing node 
identi?ers When reserved sequence numbers are completely 
exhausted thus making it an expensive operation. 

[0009] Another method of logically encoding node iden 
ti?ers includes pre?x encoding node identi?ers. This method 
uses a concatenation of numbers (local identi?ers) for nodes 
along the path from the root node to a particular node to 
generate a node identi?er. Local identi?ers are assigned to 
children of a parent are based on their sequence, With 
optionally reserved spaces in betWeen local identi?ers for 
future insertions. Pre?x-encoded identi?ers are used for 
document ordering, ancestor-descendant and parent-child 
relationships, and also for sub-document concurrency con 
trol. The method of encoding produces node identi?ers that 
can be clustered. If a standard clustering index on a set of 
node identi?ers is created, natural clustering Will be in 
document order, or the order corresponding to a depth-?rst 
traversal. If a level number indicating the logical level on 
Which a node is situated is pre?xed to the front of a set of 
node identi?ers and an index is created on it, clustering order 
Will correspond to a breadth-?rst traversal. HoWever, exist 
ing encoding methods create maintenance concerns When 
insertion or update operations are performed. 

[0010] Existing encoding schemes are not Well equipped 
to handle identi?er maintenance issues in face of arbitrary 
insertions. Current research efforts are directed toWard using 
statistics for optimal encoding and number space allocation 
for node insertion. HoWever, statistics are not available for 
neW documents during the initial phase of database popu 
lation. In addition, the use of statistics to generate node 
identi?ers cannot guarantee that an existing encoding 
method Will be sufficient in the face of arbitrary insertions; 
it can only increase the probability that assigned node 
identi?ers Will not need to be changed. 

[0011] US. Pat. No. 6,563,441 B1 discloses a program for 
decoding variable length codes and generating a binary tree 
that represents the coding scheme, a lookup table from the 
binary tree that can be used to decode variable-length codes 
having length less than or equal to a threshold length. The 
method comprises obtaining data that de?nes connections 
betWeen a root node and a plurality of other nodes such that 
each of the other nodes is a child node that connects to one 
respective parent node, each parent node connects to at most 
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tWo child nodes, and the connections between a parent node 
and its respective child nodes are associated With either of 
tWo binary values. A node that does not connect to any child 
node is a leaf node and the system obtains data that de?nes 
a respective value for each leaf node; generating a binary 
tree data structure representing the root node and the other 
nodes With branches having binary values and connecting 
the nodes according to the data that de?nes connections. No 
valid code is the pre?x of any other valid code; and therefore 
the codes are such that a stream of encoded information can 
be parsed unambiguously into codes Without requiring any 
special symbols or controls to mark the boundary betWeen 
codes. 

[0012] Us. Pat. No. 6,587,057 B2 discloses high perfor 
mance memory ef?cient variable-length coding decoder; 
With code Words grouped by pre?x and recorded to reduce 
the number of bits that must be matched, thus reducing the 
memory requirements. 
[0013] Us. Pat. No. 6,539,369 B2 discloses a method for 
storing sparse and dense sub-trees in a longest pre?x match 
lookup table. The sparse sub-tree descriptor stores at least 
one node descriptor. The node descriptor describes a set of 
leaves in the sparse sub-tree having a common value; and the 
common value is encoded in the node descriptor using run 
length encoding. 
[0014] Us. Pat. No. 6,313,766 discloses a method for 
accelerating softWare decode of variable length encoded 
information; With logic device Which outputs a ?xed length 
value corresponding to a variable length code received as 
part of the bits stream of the variable length encoded 
information. 

[0015] Us. Pat. No. 5,883,589 discloses a variable length 
code construction apparatus; With a pre?x processing unit 
for producing a codeWord including at least “1”bit, the pre?x 
of the codeWord having continuous “0”bits. 

[0016] Us. 2002/0145545 A1 discloses entropy coding 
using adaptable pre?x codes. 
[0017] Whatever the precise merits, features, and advan 
tages of the above cited references, none of them achieves 
or ful?lls the purposes of the present invention. 

[0018] Therefore, there is a need in the art for a self 
adaptive and ef?cient pre?x-encoding method for stable 
node identi?ers. The method of the present invention is 
self-adaptive in that shorter encodings are used for a smaller 
number of nodes and longer encodings are used for a larger 
number of nodes. It is not required to have knoWledge of the 
number of nodes before node identi?ers are assigned. The 
encoding method of the present invention alloWs for arbi 
trary insertion existing node identi?ers do not have to be 
modi?ed When a node is inserted to keep node identi?ers in 
document order. It also folloWs a basic pre?x encoding 
method, thus having all the properties of a pre?x encoding. 
HoWever, the method of the present invention is unique in 
that encodings of existing nodes are stable, meaning that 
they do not need to be changed, regardless of the number and 
placement of inserted nodes. This property holds true 
because a node identi?er is not modeled as a ?xed string of 
decimal numbers, but rather as a variable-length binary 
string. 

SUMMARY OF THE INVENTION 

[0019] The method of the present invention utiliZes a 
variable-length binary string to encode node identi?ers in a 
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logical tree of nodes for an XML document object model. A 
general pre?x encoding method is folloWed; a node identi 
?er is generated by the concatenation of encodings at each 
level, called local identi?ers, of a logical tree along a path 
from a root node to another particular node. In other Words, 
a node identi?er is alWays a parent node identi?er, to Which 
a local identi?er of the last node in the path is appended. 
Children of a parent node are assigned a local identi?er 
according to their sequence under that particular parent 
node, and children of different nodes are assigned local 
identi?ers independently at each level in a logical tree. An 
optional level number may be assigned to nodes based on the 
logical level in a tree structure on Which a node is situation. 
A root node of a logical tree is assigned a local identi?er of 
Zero, and can be ignored in the pre?x encoding of all 
descendants. The last byte of a multi-byte local identi?er, 
also knoWn as a boundary byte, in an encoding of a node 
identi?er has Zero as its least signi?cant bit and one as the 
least signi?cant bit of all other bytes. Therefore, vieWed as 
an integer, a local identi?er or a node identi?er is alWays an 
even number. 

[0020] Insertion betWeen sequentially encoded node iden 
ti?ers is possible Without change to existing node identi?ers. 
To assign a local identi?er to a neWly inserted node, if there 
is no encoding betWeen encoded node identi?ers of a 
previous sibling and a next sibling having the same number 
of bytes as both siblings and being an even number, one is 
added to the encoding of a previous sibling, and a neW byte 
extension ending With an even number is added. 

[0021] The encoding method of the present invention is 
self-adaptive; for a Wide tree, longer encodings Will be used 
at each level. Unlike ?xed-length encoding at each level, a 
shorter encoding is used at the beginning stages of assigning 
identi?ers, and is extended as neW nodes are added or 
inserted. Arbitrary insertions are supported Without change 
to any existing node identi?ers. HoWever, skeWed insertions 
lead to longer encodings. The use of statistics in the distri 
bution of placement of neWly inserted nodes decreases the 
possibility of skeWed encodings. 

[0022] In addition, the method of the present invention 
provides for document order When unsigned binary string 
comparison is used to compare encoded node identi?ers. 
Any given node identi?er is a concatenation of local iden 
ti?ers of nodes at all levels from a root node along the path 
to a current node. Thus, it is possible to determine a parent 
node identi?er by removing from the end of a current node 
identi?er, one level of local identi?er, by checking for a 
boundary byte having a least signi?cant bit of Zero. 

[0023] The present invention provides for an increase in 
the ef?ciency of encoding and decoding processes. In this 
case, assigning an identi?er to a node is an encoding process, 
and a decoding process determines node identi?ers of a 
node’s ancestors or siblings. The efficiency of this approach 
is re?ected in the simplicity of the method and the lack of 
update to existing node identi?ers. Because a node identi?er 
is a logical identi?er, a mapping from a node identi?er to a 
physical address is needed, as With any other logical iden 
ti?er encoding scheme. TWo approaches can be used for the 
mapping of logical identi?ers to RIDs (i.e., physical record 
IDs). A ?rst approach is through the use of B+-tree indices 
utiliZing a node identi?er as an index key. A second 
approach is to use a hash table. 
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[0024] The present invention also provides for the support 
of sub-document concurrency control; for example, updat 
ing a sub-tree under a node, requires that an exclusive lock 
and an intent exclusive lock be used. An exclusive lock is 
placed on a node and its sub-tree and an intent exclusive lock 
is placed on a path from a current node to a root node. In 
support of concurrency control, it is necessary to have 
knowledge of ancestor-descendant relationships among 
nodes in a logical tree. Pre?x encoding provides a Way to 
easily derive relationships among nodes. For example, to 
determine if tWo nodes have an ancestor-descendant rela 
tionship, node identi?ers of both nodes are compared to 
determine if one identi?er is a pre?x of the other. 

[0025] Lastly, the encoding method of the present inven 
tion provides for a natural pre-order clustering sequence, 
also knoWn as depth-?rst clustering. If a pre?x is applied to 
node identi?ers indicating a level number, beginning With 
Zero at a root node, breadth-?rst clustering Will result. A 
mixed clustering is also supported. To produce a mixed 
clustering sequence, for example, breadth-?rst clustering 
order for nodes closer in proximity to a root node and 
depth-?rst clustering order for nodes closer in proximity to 
the leaf-level; a level number and node identi?er pair is used 
as a cluster index key for nodes closer in proximity to a root 
node, thus leading to breadth-?rst clustering and a ?xed 
level number is used for nodes closer in proximity to the 
leaf-level, thus leading to depth-?rst clustering. 

BRIEF DESCRIPTION OF DRAWINGS 

[0026] FIG. 1 illustrates a logical XML tree. 

[0027] FIG. 2 illustrates a balanced XML tree. 

[0028] FIG. 3 illustrates the insertion of a node as a ?rst 
child under a parent in an XML tree. 

[0029] FIG. 4 illustrates the insertion of a node betWeen 
siblings under a parent in an XML tree. 

[0030] FIG. 5 illustrates the insertion of a node as a last 
child under a parent in an XML tree. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] While this invention is illustrated and described in 
a preferred embodiment, the invention may be produced in 
many different con?gurations. There is depicted in the 
draWings, and Will herein be described in detail, a preferred 
embodiment of the invention, With the understanding that 
the present disclosure is to be considered as an exempli? 
cation of the principles of the invention and the associated 
functional speci?cations for its construction and is not 
intended to limit the invention to the embodiment illustrated. 
Those skilled in the art Will envision many other possible 
variations Within the scope of the present invention. 

[0032] The method of the present invention utiliZes vari 
able-length binary strings to encode node identi?ers in a 
logical tree of nodes for an XML document object model. A 
general pre?x encoding scheme is folloWed; during initial 
insertion of a node into an XML document tree, nodes under 
a parent are assigned local identi?ers sequentially. To gen 
erate a node identi?er, local identi?ers for all nodes along a 
path from a root node to a current node are sequentially 
concatenated, including the local identi?er for a current 
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node. Because a node identi?er encoding for a root node is 
alWays Zero, it is ignored in the concatenation. In the 
folloWing description, a byte is used as a unit by Way of 
illustration and not limitation to describe the encoding 
method of the present invention. Other units, such as a 
four-bit nibble, are applicable. 

[0033] Referring noW to FIG. 1, a logical XML tree is 
shoWn. To determine a node identi?er encoding for node d 
118, a logical path from root node a 100, to node d 118 is 
constructed. The logical path is constructed of segments 
from node a 100 to node b, node b 104 to node c 112, and 
node c 112 to node d 118. Local identi?ers for each node 
along a logical path from a root node to a current node are 
sequentially concatenated to form a node identi?er for a 
current node. In FIG. 1, the node identi?er encoding for 
node a 100, a root node, is ignored, and local identi?ers for 
node b 104, node c 112, and node d 118 are concatenated to 
generate a node identi?er for node d 118. In this case, a local 
identi?er for node d 118 is 12x and the node identi?er is 
FFFF04FFA812x and its length is six bytes. In total, there 
are seven bytes if a length byte is included. If a length byte 
is included in a node identi?er, it is positioned as a most 
signi?cant byte, hoWever it is implied rather than explicitly 
presented as a part of a node identi?er. Using a length byte 
places limitations on the length of encodings. From the node 
identi?er for node d 118 it is knoWn that node d 118 is at the 
fourth level in the logical XML tree. From the node identi?er 
for node d 118, identi?ers for ancestors of node d 118 are 
determined by separating into parts the node identi?er for 
node d 118 at each boundary byte. Each boundary byte is 
determined by checking if the least signi?cant bit has a Zero 
value. 

TABLE 1 

EXAMPLES OF EXTENSION MECHANISMS 

BYTES 1, 2, 3 1, 2-3, 4-6 1, 2-4, 5-8 2, 3-4 

1 127 127 127 

2 254 16,256 
3 381 16,383 
4 508 2,064,766 32,502 
5 635 
6 762 2,081,022 
7 889 

8 1016 264,274,046 

[0034] Referring noW to Table 1, several local identi?er 
extension mechanisms are shoWn. First, all possible node 
identi?ers utiliZing a base length are assigned. When all 
possible local identi?ers utiliZing a base length are 
exhausted, local identi?ers utiliZing a ?rst extension length 
are assigned. A?rst extension length is at least one byte and 
may be multiple bytes. Abyte or bytes determined by a ?rst 
extension length are appended to a base length to encode 
further local identi?ers. A second extension length may be 
used if a ?rst extension is not enough to encode all the nodes. 
The manner in Which different extension lengths are utiliZed 
after local identi?ers of a base length or a previous extension 
length have been exhausted is knoWn as an extension 
mechanism. When all possible local identi?er utiliZing a 
base length and a ?rst extension length are exhausted, local 
identi?ers utiliZing a second extension length are assigned. 
A second extension length is at least one byte and can be 
equal to, greater than, or less than a ?rst extension length. 
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This process continues until all nodes in a logical tree are 
assigned a local identi?er and ultimately, node identi?er 
encodings. An extension mechanism is employed each time 
local identi?ers utilizing a certain length string are 
exhausted, or each time a speci?ed value is reached prior to 
exhausting local identi?ers. 

[0035] If a single byte Were used for encoding local 
identi?ers local identi?ers Would comprise 02x, 04x, and 
FEx in hexadecimal notation. As shoWn in Table 1, after all 
one-byte local identi?er combinations are exhausted; any 
extension length may be chosen to continue encoding local 
identi?ers. TWo bytes are not necessarily a suitable exten 
sion length by Which to encode local identi?ers after all base 
length encoding combinations are exhausted; this is because 
the number of bytes necessary to encode a node identi?er 
increases at a rapid rate for a large number of nodes under 
a single parent. There are 127 possible node identi?er 
encodings for a one-byte length string, 254 for a tWo-byte 
length string, and 381 possible node identi?er encoding 
combinations for a three-byte length string. By this logic, 
over seven thousand bytes Would be required to encode local 
identi?ers for a million nodes under a single parent. 

[0036] The folloWing sequence of encodings Will be pro 
duced if a one byte length string is used to encode local 
identi?ers and is extended one byte at a time as possible 
local identi?er combinations are exhausted: 02x, 04x, 06x, 
08x, 0Ax, 0Cx, 0Ex, 10x, 12x, . . . FEx, FF02x, FF04x, . . . 

, FFFEx, FFFF02x, FFFF04x, . . . , FFFFFEx. In an encoding 

method Where a tWo-byte extension length is used to encode 
node identi?ers until all possible combinations are 
exhausted, sequential encodings after FEx Would be as 
folloWs: 

FF0102X, FF0104X, . . . , FF01FEx, 

FF02X 

FF0302X, FF0304X, . . . , FF03FEx, 

FF04X, 

FFFEx, 

FFFF02x, FFFF04x, . . . , FFFFFEx. 

[0037] An example of an alternative extension is to start 
using tWo bytes When the ?rst byte becomes larger than 80x. 
The sequence of local identi?ers Would be as folloWs: 02x, 
04x, . . . , 7Ex, 80x, 8102x, . . . , 81FEx, 82x, 8302x, . . . , 

FFFEx. 

[0038] From Table 1, it can be seen that there are encoding 
ef?ciency tradeoffs in regards to the selection of a base 
length With Which to start local identi?er encoding and as to 
the selection of an extension length by Which to increase the 
length of encodings. 

[0039] FIG. 2 shoWs an example of a balanced tree. For 
small, balanced logical trees, a one-byte local identi?er at 
each level is suf?cient. For relatively larger, balanced trees, 
a tWo-byte local identi?er is more appropriate. If there are 
statistics to guide the selection of encoding lengths, a more 
appropriate base length and more appropriate extension 
lengths can be chosen. For example, if it is knoWn that most 
nodes in a logical tree Will not have more than 127 children, 
one byte is chosen to ?rst encode local identi?ers. Other 
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Wise, tWo bytes can be chosen. As a default method, one byte 
is used as a base length for encoding and one unit more than 
previous extension length is used as an extension each time 
local identi?er combinations are exhausted. Since local 
identi?ers at each level are independent of each other as long 
as the identi?ed nodes descend from different parents, only 
a parent With a large number of children, also knoWn as a 
Wide tree, Will require longer strings for local identi?er, and 
thus, node identi?er encodings. For a balanced tree With 127 
or feWer children under a node, a tWenty-level tree requires 
only tWenty-byte node identi?ers for tree leaves, including 
a one-byte length ?eld for a variable-length string. A length 
?eld may be greater than a single byte to accommodate deep 
trees. 

[0040] ShoWn in FIG. 3 is an example of inserting a neW 
node as a ?rst child under a single parent node. In order to 
insert nodes betWeen sequentially encoded nodes, several 
cases are considered. In a ?rst embodiment, if node 310 is 
inserted as a ?rst child in front of any other children of a 
parent node, then the last byte of existing ?rst child 312 is 
checked. If the last byte is not the smallest even value, then 
an even number greater than Zero and less than the last byte 
is selected to encode a local identi?er of a neWly inserted 
node. If the last byte of an existing ?rst child is 02x, the local 
identi?er for a neWly inserted node is generated by replacing 
02x With 01x in the local identi?er for existing ?rst child 
312, extended by a byte having a value of 02x, or another 
even number. For example, the extended byte can have a 
value of 80x to leave possible local identi?er combinations 
for additional node insertions. A node identi?er encoding 
combination can be extended by any number of bytes as 
selected by an extension mechanism. If existing ?rst child 
312 has a local identi?er With a value of 08x, then neWly 
inserted ?rst child 310 can have a local identi?er With a 
value of 04x. If existing ?rst child 312 has a local identi?er 
With a value of 02x, a local identi?er encoding for neWly 
inserted node 310 can have a value of 0102x or 0180x. As 
another example, existing ?rst child 312 has a local identi?er 
With a value of 0102x; a local identi?er for neWly inserted 
node 310 can have a value of 010102x or 010180x. 

[0041] ShoWn in FIG. 4 is an example of inserting a node 
betWeen tWo siblings. In a second embodiment, if node 412 
is inserted betWeen tWo siblings 410 and 414, a node 
identi?er encoding is needed to fall logically betWeen the 
encodings of a previous sibling and a next sibling under a 
single parent. Assuming a local identi?er for previous sib 
ling 410 is i and a local identi?er for next sibling 414 is j, 
the folloWing three cases occur. 

[0042] In the ?rst case, if the length of the local identi?er 
of node i 410 is equal to the length of the local identi?er of 
node j 414, then if i+2<j, there is space betWeen the local 
identi?er of i and the local identi?er of j to add another local 
identi?er 412. A local identi?er for neWly inserted node 412 
takes on a value of i+2 or an even number equal or close to 
(i+j)/2 to take the midpoint betWeen the values of the local 
identi?er of node i 410 and the local identi?er of node j 414. 
OtherWise, if the length of the local identi?er of node i 410 
is equal to the length of local identi?er of node j 414 and 
i+2=j, then the current length of encodings is extended With 
at least one byte, depending on a chosen extension mecha 
nism. The length of a neW local identi?er is the length of the 
local identi?er of node j in addition to a maximum of a 
chosen extension length, and the value of a local identi?er 
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for a newly inserted node for the ?rst i bytes is i+1, and in 
the case of a single unit extension length, the neW byte can 
be 02x, 80x, or any even number having one unit of length. 

[0043] For example, if a local identi?er for node i 410 is 
12x and a local identi?er for node j 414 is 16x, then 14x may 
be used as a local identi?er for neWly inserted node 412. If 
a local identi?er for node i 410 is 12x and a local identi?er 
for node j 414 is 14x, then a local identi?er for a neWly 
inserted node 412 can be 1302x or 1380x. 

[0044] In the second case, Where the string length of a 
local identi?er of node i 410 is less than the string length of 
a local identi?er of node j 414, then it is determined if a local 
identi?er for node i 410 is the last available identi?er With 
the same length that is smaller in value than a local identi?er 
for node j 414. If such is not the case, the next available 
number having the same string length as the local identi?er 
for node i 410 can be used to encode a node identi?er for a 
neWly inserted node 412. If a local identi?er for node i 410 
is the last encoding With the same length that is smaller than 
a local identi?er for node j 414, then if a local identi?er for 
node j 414 is not the ?rst available encoding having the same 
length that is greater in value than a local identi?er for node 
i 410, a local identi?er encoding smaller in value than a local 
identi?er for node j 414 having a string length equal to the 
string length of a node identi?er of node j 414 is generated 
and assigned. OtherWise, the last byte of the local identi?er 
of node j 414 is changed to 01x to generate a local identi?er 
for a neWly inserted node 412 and extended by at least one 
byte having an even number. Aone-byte extension may take 
on a minimum value of 02x or another arbitrary even 

number, for example 80x, to leave spaces betWeen local 
identi?ers for future node insertions. 

[0045] For example, if a local identi?er for node i 410 is 
12x and local identi?er for node j 414 is 1580x, 14x can be 
used to assign a local identi?er to a node inserted 412 
betWeen node i 410 and node j 414. If a local identi?er of 
node i 410 is 12x and a local identi?er of node j 414 is 1380x, 
then 1340x can be used to encode a local identi?er for a 
neWly inserted node 412. If a local identi?er for node i 410 
is 12x and a local identi?er for node j 414 is 1302x, then 
130180x can be used to assign a local identi?er to a neWly 
inserted node 412. If a local identi?er for node i 410 is 12x 
and local identi?er for node j 414 is 130102x, then 
13010180x can be used to assign a local identi?er to a neWly 
inserted node 412. 

[0046] In the third case, if the string length of a local 
identi?er for node i 410 is greater than the string length of 
a local identi?er for node j 414, then if a local identi?er for 
node j 414 is not the smallest encoding value With the same 
length that is greater than i in value, then a local identi?er 
With a smaller value than a local identi?er for node j 414 
With the same length is assigned. OtherWise, if a local 
identi?er for node i 410 is not the largest encoding value 
With the same length that is smaller than a local identi?er for 
node i, one of the larger values are used to encode a local 
identi?er for the neWly inserted node 412. OtherWise, a neW 
identi?er is created by taking a local identi?er for node i 414 
and extending it by an extension length; by setting the last 
byte to FFx and the neWly extended bytes to an even 
number, taking on a value betWeen 02x to FEx in the case of 
a one byte extension. 

[0047] For example, if a local identi?er for node i 410 is 
1180x and a local identi?er for node j 414 is 14x, then 12x 
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can be used to encode a local identi?er for a neWly inserted 
node 412. If a local identi?er for node i 410 is 1380x and 
local identi?er for node j 414 is 14x, 13AOx can be used to 
encode a neWly inserted node 412. If a local identi?er for 
node i 410 is 13FEx and a local identi?er for node j 414 is 
14x, there is no even number in betWeen the identi?ers of 
node i410 and node j 414. Thus, 13FF02x or 13FF80 is used 
to encode a neWly inserted node 412. If a local identi?er for 
node i 410 is 13FFFEx and local identi?er for node j 414 is 
14x, 13FFFF80x can be used to encode a neWly inserted 
node 412 locally. 

[0048] In a third embodiment, if a node is inserted as a last 
child 516 after all other children 510, 512, 514 of a single 
parent 504, the method of the present invention is folloWed 
to generate local identi?er encodings sequentially to obtain 
a next encoding. 

[0049] Additionally, the present invention provides for an 
article of manufacture comprising computer readable pro 
gram code contained Within implementing one or more 
modules to pre?x encode one or more node identi?ers in an 

XML tree. Furthermore, the present invention includes a 
computer program code-based product, Which is a storage 
medium having program code stored therein Which can be 
used to instruct a computer to perform any of the methods 
associated With the present invention. The computer storage 
medium includes any of, but is not limited to, the folloWing: 
CD-ROM, DVD, magnetic tape, optical disc, hard drive, 
?oppy disk, ferroelectric memory, ?ash memory, ferromag 
netic memory, optical storage, charge coupled devices, mag 
netic or optical cards, smart cards, EEPROM, EPROM, 
RAM, ROM, DRAM, SRAM, SDRAM, or any other appro 
priate static or dynamic memory or data storage devices. 

[0050] Implemented in computer program code based 
products are softWare modules for: (a) sequentially pre?x 
encoding nodes inserted in a logical XML tree; (b) extending 
string length of pre?x encodings by an extension mecha 
nism; and (c) assigning local identi?ers to nodes inserted in 
a logical XML tree. 

CONCLUSION 

[0051] Asystem and method has been shoWn in the above 
embodiments for the effective implementation of a self 
adaptive pre?x encoding for stable node identi?ers. While 
various preferred embodiments have been shoWn and 
described, it Will be understood that there is no intent to limit 
the invention by such disclosure, but rather, it is intended to 
cover all modi?cations falling Within the spirit and scope of 
the invention, as de?ned in the appended claims. For 
example, the present invention should not be limited by 
softWare/program. 

[0052] The above enhancements are implemented in vari 
ous computing environments. For example, the present 
invention may be implemented on a conventional IBM PC 
or equivalent. All programming and data related thereto are 
stored in computer memory, static or dynamic, and may be 
retrieved by the user in any of: conventional computer 
storage, display (i.e., CRT) and/or hardcopy (i.e., printed) 
formats. The programming of the present invention may be 
implemented by one of skill in the art of object-oriented 
programming. 
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1. A method for pre?x encoding node identi?ers in a 
logical tree comprising steps of: 

a. choosing an initial base length With Which to encode 
local identi?ers, 

b. assigning a value of Zero as a node identi?er to a root 

node in a logical tree, 

c. sequentially assigning to descendants of a root node a 
local identi?er having an even value and a length equal 
to said base length chosen in said choosing step, 
Wherein said local identi?ers are assigned in increasing 
value from leftmost children to rightrnost children, 

d. assigning to all subsequent nodes, node identi?ers 
generated by a concatenation of local identi?ers of all 
nodes along a path from a root node to a node to Which 
a node identi?er is currently being assigned, and 

e. extending said initial base length if local identi?er 
encoding combinations are exhausted before all 
descendants are assigned local identi?ers. 

2. A method for pre?x encoding node identi?ers, as per 
claim 1, Wherein inserting a node into an existing tree does 
not require change to existing node identi?ers. 

3. A method for pre?x encoding node identi?ers, as per 
claim 1, Wherein a node is inserted betWeen a ?rst node and 
a second node having consecutive local identi?ers. 

4. A method for pre?x encoding node identi?ers, as per 
claim 3, Wherein said inserted node is assigned a local 
identi?er having a string length longer than string length of 
said ?rst node. 

5. A method for pre?x encoding node identi?ers, as per 
claim 1, Wherein assigning said node identi?er to an inserted 
node comprises the folloWing steps: 

a. determining whether node to be inserted is inserted as 
a ?rst child, betWeen tWo existing siblings, or as a last 
child under a single parent node, 

b. if said node to be inserted is inserted as a ?rst child 
under said single parent node, 

i. checking last byte of an existing ?rst child, 

ii. if the value of said last byte is not the smallest even 
number, then an even number greater than Zero and less 
than the value of said last byte is selected to generate 
a local identi?er of said node to be inserted, else 

iii. if the value of said last byte of an existing ?rst child 
is the smallest even number, generating a local identi 
?er for said node to be inserted by replacing said last 
byte of said existing ?rst child by an odd number to 
generate a local identi?er and extending node identi?er 
of said existing ?rst child by a byte having a value of 
any arbitrary even number, 

c. if said node to be inserted is inserted betWeen tWo 
existing siblings under said single parent node, deter 
mining Whether the string length of node identi?er of 
said ?rst sibling is less than, equal to, or greater than the 
string length of node identi?er of said second sibling, 
else 

d. if said node to be inserted is inserted as a last child after 
all other children under said single parent node, assign 
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ing to said node to be inserted an even local identi?er 
greater than that of existing last child under said single 
parent node, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

6. A method for generating and assigning pre?x encoded 
node identi?ers, as per claim 5, if said node to be inserted is 
inserted betWeen tWo existing siblings under said single 
parent node and if the string length of local identi?er of said 
?rst sibling is less than the string length of the local identi?er 
of said second sibling, 

a. checking if local identi?er of said ?rst sibling is the last 
available encoding value having a string length of the 
local identi?er of said ?rst sibling and being smaller in 
value than said local identi?er of said second sibling, 

b. if said local identi?er of said ?rst sibling is the last 
cornbination having a string length of the local identi 
?er of said ?rst sibling that is smaller in value than said 
local identi?er of said second sibling, 

i. if the local identi?er of said second sibling is not the ?rst 
available identi?er having the string length of the local 
identi?er of said second sibling that is greater than the 
value of said local identi?er of said ?rst sibling; an 
even-valued local identi?er being less in value than 
said local identi?er of said second sibling and having 
string length of local identi?er of said second sibling is 
generated and assigned, else 

ii. generating a local identi?er for said node to be inserted 
by replacing said last byte of said existing ?rst child by 
an odd number and extending local identi?er of said 
existing ?rst child by a byte having a value of any 
arbitrary even number less in value than said last byte 
of said existing ?rst child, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

7. A method for generating and assigning pre?x encoded 
node identi?ers, as per claim 5, if said node to be inserted is 
inserted betWeen tWo existing siblings under said single 
parent node and if the string length of the local identi?er of 
said ?rst sibling is equal to the string length of the local 
identi?er of said second sibling, 

a. if the value of the local identi?er of said ?rst sibling 
plus tWo is less than the value of the local identi?er of 
said second sibling, a local identi?er for said node to be 
inserted takes on an even value greater than or equal to 
the value of said local identi?er of ?rst sibling plus tWo 
and less than the value of the local identi?er of said 
second sibling, 

b. if the string length of the local identi?er of said ?rst 
sibling plus tWo is equal to the string length of the local 
identi?er of said second sibling, then the string length 
of the local identi?er for said node to be inserted is 
extended Wherein the length of the local identi?er for 
the neWly inserted node is the string length of said 
second sibling plus one, and the value of the ?rst string 
length of said ?rst sibling bytes is the node identi?er of 
said ?rst sibling plus one, and the neW byte is an 
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arbitrary even number less than the value of said last 
byte of the node identi?er of said second sibling, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

8. A method for generating and assigning pre?x encoded 
node identi?ers, as per claim 5, if said node to be inserted is 
inserted betWeen tWo existing siblings under said single 
parent node and if the string length of the local identi?er of 
said ?rst sibling is greater than the string length of the local 
identi?er of said second sibling 

a. if the local identi?er of said second sibling is not the 
smallest value having the string length of said second 
sibling that is greater in value than the local identi?er 
of said ?rst sibling, then a local identi?er having a 
string length of said second sibling and having even 
value smaller than the value of the last byte of the node 
identi?er of said second sibling is generated and 
assigned else, 

b. if the local identi?er of said ?rst sibling is not the 
largest value With the string length of the local identi?er 
of said ?rst sibling, one of the larger values for the neW 
encoding is generated and assigned, else 

c. extending the local identi?er of said ?rst sibling by a 
length, by setting the last byte to the highest odd 
number and the neW byte to an even number less than 
the value of the last byte, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

9. An article of manufacture comprising a computer 
usable medium having computer readable program code 
embodied therein Which implements pre?x encoding node 
identi?ers in a logical tree comprising modules implement 
ing code for: 

a. choosing an initial base length With Which to encode 
local identi?ers, 

b. assigning a value of Zero as a node identi?er to a root 

node in a logical tree, 

c. sequentially assigning to descendants of a root node a 
local identi?er having an even value and a length equal 
to said base length chosen in said choosing step, 
Wherein said local identi?ers are assigned in increasing 
value from leftmost children to rightmost children, 

d. assigning to all subsequent nodes, node identi?ers 
generated by a concatenation of local identi?ers of all 
nodes along a path from a root node to a node to Which 
a node identi?er is currently being assigned, and 

e. extending said initial base length if local identi?er 
encoding combinations are exhausted before all 
descendants are assigned local identi?ers. 

10. An article of manufacture comprising a computer 
usable medium having computer readable program code 
embodied therein Which implements pre?x encoding node 
identi?ers, as per claim 9, Wherein assigning a pre?x 
encoded node identi?er to an inserted node comprises mod 
ules implementing code for: 
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a. determining Whether node to be inserted is inserted as 
a ?rst child, betWeen tWo existing siblings, or as a last 
child under a single parent node, 

b. if said node to be inserted is inserted as a ?rst child 
under said single parent node, 

i. checking last byte of an existing ?rst child, 

ii. if the value of said last byte is not the smallest even 
number, then an even number greater than Zero and less 
than the value of said last byte is selected to generate 
a local identi?er of said node to be inserted, else 

iii. if the value of said last byte of an existing ?rst child 
is the smallest even number, generating a local identi 
?er for said node to be inserted by replacing said last 
byte of said existing ?rst child by an odd number to 
generate a local identi?er and extending node identi?er 
of said existing ?rst child by a byte having a value of 
any arbitrary even number, 

c. if said node to be inserted is inserted betWeen tWo 
existing siblings under said single parent node, deter 
mining Whether the string length of node identi?er of 
said ?rst sibling is less than, equal to, or greater than the 
string length of node identi?er of said second sibling, 
else 

d. if said node to be inserted is inserted as a last child after 
all other children under said single parent node, assign 
ing to said node to be inserted an even local identi?er 
greater than that of existing last child under said single 
parent node, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

11. An article of manufacture comprising a computer 
usable medium having computer readable program code 
embodied therein Which implements pre?x encoding node 
identi?ers, as per claim 10, Wherein if said node to be 
inserted is inserted betWeen tWo existing siblings under said 
single parent node and if the string length of local identi?er 
of said ?rst sibling is less than the string length of the local 
identi?er of said second sibling, comprises modules imple 
menting code for: 

a. checking if local identi?er of said ?rst sibling is the last 
available encoding value having a string length of the 
local identi?er of said ?rst sibling and being smaller in 
value than said local identi?er of said second sibling, 

b. if said local identi?er of said ?rst sibling is the last 
combination having a string length of the local identi 
?er of said ?rst sibling that is smaller in value than said 
local identi?er of said second sibling, 

i. if the local identi?er of said second sibling is not the ?rst 
available identi?er having the string length of the local 
identi?er of said second sibling that is greater than the 
value of said local identi?er of said ?rst sibling; an 
even-valued local identi?er being less in value than 
said local identi?er of said second sibling and having 
string length of local identi?er of said second sibling is 
generated and assigned, else 

ii. generating a local identi?er for said node to be inserted 
by replacing said last byte of said existing ?rst child by 
an odd number and extending local identi?er of said 
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existing ?rst child by a byte having a value of any 
arbitrary even number less in value than said last byte 
of said existing ?rst child, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

12. An article of manufacture comprising a computer 
usable medium having computer readable program code 
embodied therein Which implements pre?x encoding node 
identi?ers, as per claim 10, Wherein if said node to be 
inserted is inserted betWeen tWo existing siblings under said 
single parent node and if the string length of the local 
identi?er of said ?rst sibling is equal to the string length of 
the local identi?er of said second sibling, comprises mod 
ules implementing code for: 

a. if the value of the local identi?er of said ?rst sibling 
plus tWo is less than the value of the local identi?er of 
said second sibling, a local identi?er for said node to be 
inserted takes on an even value greater than or equal to 
the value of said local identi?er of ?rst sibling plus tWo 
and less than the value of the local identi?er of said 
second sibling, 

b. if the string length of the local identi?er of said ?rst 
sibling plus tWo is equal to the string length of the local 
identi?er of said second sibling, then the string length 
of the local identi?er for said node to be inserted is 
extended Wherein the length of the local identi?er for 
the neWly inserted node is the string length of said 
second sibling plus one, and the value of the ?rst string 
length of said ?rst sibling bytes is the node identi?er of 
said ?rst sibling plus one, and the neW byte is an 
arbitrary even number less than the value of said last 
byte of the node identi?er of said second sibling, and 
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generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

13. An article of manufacture comprising a computer 
usable medium having computer readable program code 
embodied therein Which implements pre?x encoding node 
identi?ers, as per claim 10, Wherein if said node to be 
inserted is inserted betWeen tWo existing siblings under said 
single parent node and if the string length of the local 
identi?er of said ?rst sibling is greater than the string length 
of the local identi?er of said second sibling, comprises 
modules implementing code for: 

a. if the local identi?er of said second sibling is not the 
smallest value having the string length of said second 
sibling that is greater in value than the local identi?er 
of said ?rst sibling, then a local identi?er having a 
string length of said second sibling and having even 
value smaller than the value of the last byte of the node 
identi?er of said second sibling is generated and 
assigned else, 

b. if the local identi?er of said ?rst sibling is not the 
largest value With the string length of the local identi?er 
of said ?rst sibling, one of the larger values for the neW 
encoding is generated and assigned, else 

c. extending the local identi?er of said ?rst sibling by a 
length, by setting the last byte to the highest odd 
number and the neW byte to an even number less than 
the value of the last byte, and 

generating a node identi?er by a concatenation of local 
identi?ers of all nodes along a path from a root node to 
said node to be inserted. 

* * * * * 


